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I. INTRODUCTION 

 

In September 2010, Patton Harris Rust & Associates was commissioned to evaluate the 

conditions of the existing road and stormwater conveyance systems within the road right-of-ways 

located in the Shenandoah Farms Sanitary District located primarily in the Shenandoah District 

in Warren County, VA. The scope of this project included evaluating and recording the existing 

conditions of the roadway surface, shoulder and ditch lines, culvert and drainage systems, and 

other things such as sight distance problems and safety items potentially having adverse impacts 

on the roadway and stormwater conveyance systems. 

 

This report is intended to provide Warren County with guidelines and recommendations for 

maintenance and construction improvements of the private roads located in the Shenandoah 

Farms Sanitary District. These general guidelines and recommendations include recommended 

methods for repair, corrective action, maintenance and new construction which can then be 

provided to a contractor(s) chosen by Warren County for construction of the proposed 

improvements. 

 

The roadways within the Shenandoah Farms Sanitary District were evaluated in the field by 

representatives of PHR+A and Warren County beginning in November 2010 and culminating in 

July 2011. 

 

The report that follows includes appendices with supplemental information to assist in 

developing a roadway maintenance plan as well as aid in future roadway and/or drainage 

projects.  

 

II. PROJECT DESCRIPTION 

 

The Shenandoah Farms Sanitary District roadway evaluation includes multiple interrelated tasks 

aimed at achieving a comprehensive report that includes both existing conditions and future steps 

necessary to ensure a safe and adequate means of access for the residents of Shenandoah Farms 

Sanitary District. The tasks associated with the project include the following: 

 

1. Analysis of existing road conditions for all roadways within the Shenandoah Farms 

Sanitary District. 

2. Analysis of existing drainage system associated with the roadway network. 

3. Analysis of trip distribution of roadway network. 

4. Using trip distribution, develop a functional classification with a hierarchy of three 

roadway classifications. 

5. Develop typical roadway cross sections which would adequately support projected 

traffic volumes for each of the three roadway classifications. 

6. Assist in the development of an implementation plan for future roadway 

improvements. 
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III. SITE DESCRIPTION 

 

The Shenandoah Farms Sanitary District consists of approximately 2,500 lots 1,000 of which are 

developed with single family homes. These lots are served by approximately 90 roads totaling 

approximately 43.38 miles of dedicated public roadways. (See Figure 1 Overall Plan). The 

Sanitary District encompasses the portion of the development located within Warren County 

adjacent to the Shenandoah River and its access is provided by three primary roads in the State 

road system Howellsville Road, Blue Mountain Road, Freezeland Road and Manor Drive in 

Clarke County. The Sanitary District roadways are constructed with an open ditch section and 

the roadway widths vary within the community. 

 

IV. ROADWAY INVENTORY AND FUNCTIONAL CLASSIFICATION 

 

With the use of the Warren County Geographic Information System and the existing subdivision 

mapping, PHR&A developed a base plan of the entire Shenandoah Farms Sanitary District.  The 

base plan includes: all existing roads and road names, property lines and lot numbers, and 

topographic contours.  The base plan was used to identify roadway lengths, intersections, and the 

number of lots located along each roadway.  The base plan was also used as a basis for 

developing the trip generation estimates and trip distribution network for the subdivision.   

 

Typically, trip generation estimates assume that 10 trips per day are generated for each single 

family lot within a residential development.  Given the location of Shenandoah Farms Sanitary 

District relative to Front Royal and other destination areas, we believe that it is appropriate to 

reduce the estimated trip generation from 10 trips per day to 8 trips per day for each lot within 

the subdivision.  Additionally, PHR&A assumed that Shenandoah Farms Sanitary District, at full 

build out, will only have trips generated from about 75 percent of the total lots as some 

homeowners may own multiple lots. 

 

The trip distribution for the subdivision is the measurement of vehicle trips that accrue on each 

roadway within a subdivision.  The trip distribution network is a series of sections or links, 

measured from intersection to intersection along each roadway.  The sections for the subdivision 

are labeled 1 thru 8 then broken down into specific subsections.  Each subsection of roadway 

includes the total number of lots located along that particular section of roadway (approximate 

driveway locations were assumed for estimating purposes).  The coinciding trip generation was 

applied to each subsection (trips/subsection).  The trips were distributed throughout the 

subdivision and the total trips per day or average daily trips (ADT) were then calculated.   

 

    Length   Total Est. Functional   

Section Road Name (Ft.) Lots ADT Classification   

5 Barbara Drive 1,162 9 100 A   

2 Benson Court 422 6 42 A   

3 Bobbie Court 1,584 26 162 B   

5 Bragg Drive 4,066 32 224 B   
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    Length   Total Est. Functional   

Section Road Name (Ft.) Lots ADT Classification   

3 Briar Lane 2,165 47 1,682 C   

3 Brook View Road 1,003 34 220 B   

2/3 Brookview Lane 1,584 4 200 B   

8 Cappy Road 739 9 60 A   

4 Cindy's Way 2,323 22 156 B   

6 Cliffside Road 1,690 12 230 B   

2 Copenhaver Road 528 (included in 2J & K)   

8 Crossway Lane 845   1,154 C   

7 Dillard Court 1,426 22 386 B   

2 Dogwood Farm Road 3,326 47 334 B   

4 Donna Court 898 33 198 B   

2/3 Drummer Hill Road 11,405 117 1,840 C 

 7 Dry Run Court 2,112 30 212 B   

1 Eagles Crag Road 1,056 7 52 A   

5 Ehlers Drive 1,267 16 214 B   

5 Elinore Lane 2,006 15 98  A   

6 Elseas Farm Road 1,478 (inlcuded in Heim Jones)   

7 Farm View Road 1,531 24 656 C   

1 Farms Ridge  Road 2,640 15 391 B   

7 Farms River Road 4,277 69 342 C   

2 Farms Riverview Road 2,006 39 516 B   

7 Fellows Drive 2,851 26 452 B 

 3 Fern Court 475 10 72 A   

7 Flynn Drive 2,640 41 304 B   

8 Freeze Road 2,640 39 270 B   

2/4 Gary Lane 2,904 48 178 B   

3 Gayles Lane 1,109 27 314 B   

2/4 Goode Drive 6,125 76 1,213 C   

2 Heavens Tree Trail 2,323 10 66 B   

6 Heim Jones Road 2,112 28 238 B   

8 High Top Road 14,150 288 4,208 C   

4 Hobbs Knobb Road 2,429 41 238 B   

2 Honey Farm Lane 2,165 30 218 B   

2 Hopkins Bluff Road 528 11 76 A   

5 Huck Finn Drive 2,482 61 778 C   

3 Jennings Farm Court 898 13 86 A   

5 Joans Quadrangle Road 2,640 45 304 B   

3 Judy Lane 2,112 36 228 B   
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    Length   Total Est. Functional   

Section Road Name (Ft.) Lots ADT Classification   

3 Kits Court 950 17 110 B   

2 Lake Drive 4,224 33 2,914 C   

3 Little Place 211 6 42 A   

6 Lookout Point Way 1,162 14 110 A   

2 Marino Lane 1,584 7 42 A   

5 Markham Farm Road 1,531 5 136 B   

2 Markham Place 528 (included in Markham Farm Road)   

2 Martin Farms Road 898 12 80 A   

6 McDonalds Farm Road 3,062 48 554 C   

2 McIlwee Court 1,848 27 178 B   

1 Mosby Meadow Lane 950 34 244 B   

3 Mountain Lake Drive 1,584 24 3,376 C   

1 Mountain Laurel Lane 1,690 (part of Mosby Meadow)   

2 Myers Drive 792 4 258 B   

1 Nancy Court 581 13 88 A   

6 Old Linden Road 3,960 31 626 C   

1 Old Oak Lane 6,706 41 7,564 C   

2 Old Oregon Road 9,346 34 542 C   

2 Otto Place 211 2 16 A   

3 Parker Circle 422 5 32 A   

3 Peggys Court 634 9 62 A   

3 Pickford Court 950 16 108 A   

2 Pine Ridge Drive  6,758 93 2,512 C   

3 Reid Drive 4,646 51 1,818 C   

5 Reynolds Drive 8,448 35 2,842 C   

1 Ridgewood Lane 1,690 

 

288 B   

3 Riley Court 2,112 30 192 B   

2 River Overlook Road 2,112 29 184 B   

1 Roaches Run Road 528 

 

3 A   

2 Scott Farm Road 739 (included in Hopkins Bluff Road)   

3 Sharon Lane 528 12 300 B   

1 Spring Hollow Road 1,320 16 108 A   

1/5 Spring Road 950 13 88 A   

3 Susans Court 2,006 29 180 B   

1 Thompson Mill Road 3,485 27 184 B   

2 Timberline Ridge Road 2,587 11 214 B   

6 Tomahawk Way 1,750 10 1,442 C access road 

6 Tulip Poplar Drive 3,960 42 854 C   
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    Length   Total Est. Functional   

Section Road Name (Ft.) Lots ADT Classification   

1 Valley Farms Road 1,003 21 136 B  

4 Vaught Drive 3,485 59 1,213 C   

3 Venus Branch Road 9,029 43 2,842 C   

1 Vesey Drive 3,379 87 1,011 C   

4 Walker Farm Drive 2,112 24 168 B   

3 Wambach Court 1,478 24 158 B   

5 Wells Drive  2,534 16 104 B   

2 Wendy Hill Road 4,118 42 450 B   

2/4 Western Lane 8,976 141 1,504 C   

1 Yarnell Court 2,323 39 332 B   

7 Youngs Drive 4,224 50 477 B   

 

A Functional Classification was established for each section of roadway given the characteristics 

and magnitude of service to be provided. (See Figure 2). Three functional classes were 

established for the subdivision including the total estimated ADT (Average Daily Trips).  The 

functional classifications are: 

 

1. A – Less than 110 trips (ADT) 

2. B – 111 to 500 trips (ADT) 

3. C – Greater than 500 trips (ADT) 

 

The functional classification for each section (link) of roadway is shown in the table above and 

detailed in Appendix B.  Note that Howellsville Road, Blue Mountain Road, Treasure Island 

Lane, Patty Tract Lane and Fellows Drive are State maintained roadways within the subdivision 

and therefore not included in this analysis. 
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V. EXISTING ROADWAY CONDITIONS 

 

Roadway inspections were conducted from November 2010 to July 2011 to observe and 

document the existing conditions of the roads within the Shenandoah Farms Sanitary District. 

These inspections were detailed (see Figure 3) and a copy of the inspection reports for each 

roadway can be found in Appendix A. The inspections included random measurements of 

existing road surfaces and shoulders along with the locations of existing road crossing and 

private culvert pipes and some minor excavations to determine depth of stone. To facilitate the 

roadway inspection and evaluation, map panels were prepared to a scale of 1” = 200’. This effort 

resulted in the preparation of 36 individual map panels which indicated the roadway name, 

configuration of the lots and property lines and, by using the Warren County GIS, topographical 

information. Notes regarding observations made, culvert pipe location, size and condition are 

noted on these map panels and inspection reports. To help when reviewing the inspection reports, 

the individual inspection reports reference the map panels that were used to prepare the report for 

the specific road. Both the roadway inspection reports and map panels are included in Appendix 

A. While more detailed comments are included in the inspection report in Appendix A, the 

following are some general comments regarding the overall roadway system. 

 

1) All surfaces were stone aggregate of VDOT type 21A or 21B with the exception of 

sections of Mountain Lake Drive, Drummer Hill Road, Old Oak Lane, Ridgewood Lane, 

High Top Road and Brookview Lane. Portions of the existing paved sections contain 

potholes and broken pavement as well as clay soil pumping through the surface, 

particularly the paved portion located along the western section of Drummer Hill Road. 

These observations would tend to show pavement was placed on a poorly constructed sub 

grade. To determine the existing pavement structure, core drill samples were taken on 

March 20, 2012 on the paved portions of Drummer Hill Road, Old Oak Lane and High 

Top Road to determine actual pavement and sub grade structure. The sampling was 

conducted by ECS Mid-Atlantic, the geotechnical firm hired by the County to provide 

geotechnical services. This effort involved four (4) core samples taken and analyzed by 

ECS LLC on both Old Oak Lane and Drummer Hill Road and two (2) samples on High 

Top Road. The results of sampling indicate that the subgrade on most of the roadways 

was satisfactory for road material consisting of tan sandy gravel with the exception of the 

western section of Drummer Hill Road (State 3+50 and 9+50) which contained some clay 

material and minimal stone sub-base material. The combination of clay material and 

minimum stone base has resulted in deterioration of the subgrade and existing surface 

failure. It is recommended that at a minimum that this area of Drummer Hill Road be 

reconstructed prior to approaching VDOT for road acceptance into their secondary 

system. 

 

In regards to Old Oak Lane and High Top Road while less than desirable stone sub-base 

material these roadways appeared to be in good condition and recommend they be 

maintained to allow VDOT to consider them for acceptance in their secondary roadway 

system in the future. A copy of the full report by ECS Mid Atlantic can be found in 

Appendix F. 
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2) The width of the travel surfaces varied and ranged from 8’ to 17’. Shoulder width varied 

from 1’ to 4’. Most of the subdivision roads had an overall width, including the 

shoulders, measured at 15’ – 22’. It appeared that the more heavily traveled roads had a 

travel surface of 15’ – 17’ while the less traveled and cul-de-sac streets had widths of 8’ – 

12’. The overall average width of the traveled aggregate surface was 12’. Heavily 

traveled gravel roadways had in excess of 3” of stone while many other roads had little or 

no stone and natural soils served as the road base. 

 

3) Roadway shoulders, where they existed, were primarily grass.  The roadway system 

overall has very limited shoulders making it difficult for two cars to pass. 

 

4) Most of the roadside ditches appeared to function satisfactory.  There were numerous 

ditches however which need to be redefined or the shoulders graded to create a ditch line.  

Some examples are Lake Drive and Walker Farm Road where soil and vegetation 

extended above the pavement elevation along significant portions of the road.  These 

conditions do not allow for water to drain from the surface, which usually results in 

surface deterioration. 

 

5) Where most roadways terminated at a cul-de-sac the cul-de-sacs were not constructed in 

accordance with VDOT standards. In most instances the roadway simply terminated with 

individual entrances extended off varying directions from the area of a proposed cul-de-

sac.  

 

6) Observations made during the roadway inspections indicated that not all roadways were 

located, extended or terminated in accordance with the available plans and outside of 

what appeared to be the road right-of-way. In many instances the cul-de-sacs were not 

constructed and in some cases, such as Heaven Tree Lane, extended beyond the proposed 

cul-de-sac to Howellsville Road. For this reason and prior to any proposed roadway 

improvements survey should be performed to verify the location of the right-of-way 

limits and make certain that the proposed improvements will be made within the deeded 

right-of-way limits. 

 

7) As a part of the roadway inspections, a roadway signage inventory was conducted.  Based 

upon field observations it appears all roadway identification signage has been constructed 

and is in good condition.  There was very limited traffic signage such as stop, yield or 

speed limit signs. The primary signage deficiency noted was the need to install stop signs 

at the roadway intersections.  

 



Shenandoah Farms Subdivision 

Roadway Inspection Report 

Map Panel(s):        

Name of Roadway:  

From:  To:  

Inspection Date:  

Inspected By:  

Existing Surface (stone or asphalt):  Width of Stone or Asphalt Travel Surface:  

Width of Shoulders:  Type (grass, stone):  

    
Existing Culverts: Roadway (R )/Private (P) Location Size Type Length Condition 

1.        

2.        

3.        

4.        

5.        

6.        

Culvert Pipes Needed:   
Driveway (describe & give location):  

Road Crossing (describe & give location):  

  
Signage: All Signage in Place?:      
 Roadway (Stop/Yield, Etc.) Yes/No Street Identification: (Street Name) Yes/No 
        
 

Signage Needed?  Describe Type (Roadway ~ Stop/Yield or Street Name) & Location 
  

  

  
Site Distance:  
Problems at Private Entrance horizontal or vertical curve locations or street intersections?    Yes/No 
If Yes, provide description and location:  

   

Obscured by Vegetation/Trees Yes/No If yes, describe and give location:  

   

 
Guardrail needed?  Specify Location(s)  

 

 
Comments 

(Provide comments regarding overall condition of roadway or any specific  safety concerns or areas of 
deterioration or concern) 

 
 
 

 
FIGURE 3 
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VI. ULTIMATE ROAD AND PAVEMENT SECTION 

 

An ultimate road and pavement section had been proposed for each of the three roadway 

functional classifications.  The existing primary roadway structure throughout the Shenandoah 

Farms Sanitary District was found to be generally adequate to provide a base for improvements 

to handle car related vehicle trips.  The existing structure is generally not capable of carrying 

heavy construction truck activity especially during the spring and fall weather conditions. 

 

The proposed width and pavement surface of the three pavement sections varies based on the 

total number of trips estimated on each section of roadway.  In the higher traffic areas (Class C), 

the pavement section utilizes 2” of an SM 9.5A asphalt pavement.  In the higher traffic areas, the 

roadway widths should also be increased, where possible, to better accommodate passing 

vehicles.  The wider roadway widths will decrease the deterioration of the roadway edge from 

vehicle tires and will also decrease the deterioration of the shoulders.  In the lower traffic areas 

(Class A and B), the pavement sections will utilize a prime and double seal surface treatment.  

The prime and double seal surface is a good alternative for areas that are not heavily traveled or 

do not have signs of major deterioration. The pavement design is based upon a minimum CBR 

value of 6. 

 

All of the pavement sections, where widening is to occur, will utilize an 8” 21B aggregate base 

layer on the compacted subgrade.  The 8” 21B aggregate base will provide adequate strength in 

the pavement structure for the anticipated vehicular traffic.  Areas that appear to have a subgrade 

failure should be excavated to a depth of ±12” and the unacceptable materials should be removed 

and replaced with suitable material, typically 8” of open-graded base (OGB) aggregate, and then 

capped with 8” of 21B aggregate prior to surfacing.  The 21B aggregate should extend 1’ beyond 

the edge of pavement.  The typical cross-sections can be seen in Figure 2 and Appendix B. 

 

VDOT reviewed the typical road sections included in the report and indicated they could not 

give a blanket approval of the sections due to potential changes in VDOT specifications. A 

detailed set of plans would need to be submitted for review and approval for items such as the 

horizontal and vertical alignment, drainage, pavement design and soil analysis and service 

requirements. To be eligible for acceptance into VDOT’s secondary street system, private roads 

need to meet VDOT’s latest edition of the Secondary Street Acceptance Requirements (SSAR) 

Regulation, VDOT’s Road Design Manual – Pavement Design Guide for Subdivision and 

Secondary Roads, Drainage Manual, Staunton’s Subdivision Street Design checklist, and/or) 

Rural Additions Policy (if applicable). 

 

VDOT suggested that each roadway section be reviewed independently prior to design and 

construction, to determine any applicable requirements. If any of VDOT’s requirements cannot 

be achieved, the Sanitary District may seek the Department’s review and approval of a design 

waiver. The 12’ wide streets designated as Functional Classification A are not eligible for VDOT 

acceptance due to the minimum width requirements. 
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VII. CONSTRUCTION SCHEDULE  

 

Roadway construction is expensive. The schedule for construction of roadway improvements to 
be made in the Shenandoah Farms Sanitary District will be prioritized and determined by Warren 
County with input from the POSF Board and other stakeholders and will depend upon many 
factors. These factors include but are not limited to: 
 

1) Safety Concerns. Areas where safety is an issue should be one of the primary focuses for 
funding and taken care of as soon as possible.  

 
2) Available Funding. The single most significant factor in scheduling and construction of 

roadway improvements is available funding. The magnitude of improvements needed is 
most often hampered by the lack of available funds from Federal, State and Local entities 
including limited funds from the Property Owner’s Association and/or Sanitary District. 
While limited funds for major projects may not be available, simply maintaining the 
existing roadways should be the main priority. Capital road improvement funds are often 
not available and unless some outside funding assistance is provided such as through 
revenue sharing funds no new improvements are constructed. Projects that are eligible for 
federal and state aid such as revenue sharing should also be considered a priority to take 
advantage of available assistance.  
 

3) Roadways considered for funding should also include those which when improvements 
are completed would serve or benefit the greatest number of residents or traveling public. 
This Roadway Drainage Study includes a privatization or classification of roadways 
based upon the number of estimated average trips per day (ADT). The findings of this 
report should be reviewed with consideration given to those roadway improvements that 
would serve the greatest number of residents.  
 

4) Continuing Maintenance Issues. Funding consideration should be given to roadways 
which are considered “high maintenance” roadways. These roadways, or sections thereof, 
are roadways where significant maintenance funds are being spent on a continuing basis 
whereby if certain improvements were constructed would limit or eliminate the continued 
high maintenance costs. 

 

VIII. RESIDENT ROADWAY SURVEY AND EVALUATION QUESTIONNAIRE  

 & RESULTS 

 
In August 2011 residents of the Shenandoah Farms Sanitary District were sent and requested to 
complete a “Resident Roadway Survey and Evaluation Questionnaire.” This survey was 
conducted as a part of and in conjunction with the overall roadway study commissioned by the  
County. The survey was sent to approximately 1,900 property owners of Shenandoah Farms 
Sanitary District. Responses to the survey were to be completed and returned to the Sanitary 
District. Approximately 1,900 questionnaires were sent and 152 responses were received or 
approximately 8% of the residents responded to the survey. A copy of the survey questionnaire is 
included in this summary as Figure 4. A completed copy of the survey including the survey 
cover letter to the property owners is included in Appendix C. 



Shenandoah Farms Sanitary District 
Resident Roadway Survey and Evaluation Questionnaire 

August 4, 2011 

Chris Fisher:  cfisher@warrencountyva.net 

FIGURE 4 

 

Name  

Address  

  

E-Mail   

 

What is the name of the roadway you live on or serves your lot?   

 

 
What roadways, including the one you live on or serves your lot, do you most often use to exit 
or enter the subdivision to go to work, school, shopping etc.? (1) being the roadway you live on 
or serves your lot and (2) through (5) those roads you would use to enter or exit the subdivision 
and rate their condition.                                                                                
                                  Roadway                                                                Condition 
                                                                                         Poor                      Fair                   Good 

(1)  1 2 3 4 5 

(2)  1 2 3 4 5 

(3)  1 2 3 4 5 

(4)  1 2 3 4 5 

  

Others, if applicable. 

  

  

  

What, in your opinion, are the most needed improvements to the roadway on which you live?  

 

 

  
What, in your opinion, are the most needed improvements to the roadways other than the one 
you live on?  Be as specific as possible noting the location (roadway, house number, nearest 
intersection etc.) and deficiencies including safety issues. 

 

 

 

Have you observed any drainage problems on the roadway on which you live?  Yes          No 

 
If so, can you provide a brief description and location such as a non functional storm pipe, 
stormwater out of the ditch line, stormwater crossing the roadway creating a washout condition 
etc. 

 

 

 

Thank you for taking time to complete this survey. This information will be compiled and used 
to assist in determining roadway improvement needs and for future planning.  
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The purpose of the survey was to make residents aware of the roadway inspections and receive 

resident input regarding their opinions of the condition of the roadways they normally travel. The 

information received regarding other roadways traveled in addition to the one on which they 

lived would help in determining the roadway classification.  The survey also requested the 

property owner to comment regarding what they felt were the most critical needs of the 

roadways in the Sanitary District. 

 

The roadways included in the survey results are listed in alphabetical order and can be found in 

Appendix C. Column 1 of the survey includes the number of surveys received from property 

owners who live on the roadway listed. Column 2 is the resident’s assessment of the roadway on 

which they live and column 3 indicates what the “most needed improvements” to roadways were 

based upon the resident’s assessment.  

 

The following are some general comments regarding the survey results: 

 

 A letter requesting input from residents and date of questionnaire was August 15, 2011. A 

copy of letter and questionnaire are included in Appendix C.  

 

 Approximately 1,900 survey questionnaires were sent to property owners of the Sanitary 

District. 

 

 152 surveys were returned from the residents or approximately an 8% response to the 

survey. Several surveys that were returned indicated the property owner had not visited 

the site in years, no improvements needed or simply no comments. 

 

 Of the questionnaires returned, the following indicates the number and percentage of 

responses returned by residents of the roadway listed. 

 

9% of the total responses returned were from residents of High Top Road, 6% from Tulip 

Poplar Drive and 5% from Wendy Hill Road, Western Lane and Youngs Drive and as 

follows: 

 

1) High Top Road 9% (13) 

2) Tulip Poplar Drive 6% (8) 

3) Wendy Hill Road 5% (7) 

4) Western Lane 5% (7) 

5) Youngs Drive 5% (7) 

 

The remaining responses were from residents of other various roadways as indicated by 

the “Roadway Survey Results” summary in Appendix C. 

 

 As expected, the majority of those returning the questionnaire felt the most needed 

improvements were the need to improve the road surface including paving, pothole repair 

and culvert pipe construction, ditch grading and pipe cleaning. Responses summarized as 

follows: 
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 Total Number  

                                                          of Comments  % 

1) Dust Control 15 6% 

2) Road Surface 122 52% 

3) Site Distance 22 9% 

4) Signage 12 5% 

5) Culvert Pipes 65 28% 

  236 100% 

 

 Included as a part of the survey questionnaire, residents were requested to list other 

roadways they used in addition to the one on which they lived and rate their condition. 

The roadways listed most often and in the most need of improvements were: 

 

Road Number of Comments 

High Top Road 15 

Tulip Poplar Drive 9 

Wendy Hill 7 

Youngs Drive 7 

Other Roadways (various)   

 

 Safety. The following are some comments made by the residents in the survey regarding 

safety issues. 

 

1) Guardrail needed on Thompson Mill Road and High Top Road. 

2) Lake Drive is often very dangerous to travel and not passable during inclement 

weather. 

3) Reflective markers needed in Freeze Road. 

4) Speeding in the subdivision was a problem. 

5) Large rock protruding in the roadway of Tomahawk Drive. 

6) Mountain Lake Drive is dangerous due to congestion as a result of school traffic. 

7) Roadway “caving in” on Cindy’s Way. 

 

Due to safety concerns it is recommended that these items be investigated and addressed if 

possible. 

 

IX. STORMWATER MANAGEMENT  

 

General 

 

A major element of the Road and Drainage Study involved identification and computations of 

the various drainage areas located within the Shenandoah Farms Sanitary District. Delineation of 

the various drainage areas was conducted after which computations were made to determine 

storm water discharge from each area. Using this information and the data collected during the 

roadway inspections, a determination of proposed culvert and ditch locations and their sizes were 

made. Private culverts were sized but not located since this determination would be made by the 
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property developer. Using the information collected by the roadway inspections and the 

computated drainage data, the culvert tables and map panels were prepared. The Map Panels and 

tables indicate the location of existing culverts, both roadway and private. The location of 

culverts identified by the inspections and the location of proposed culverts were identified on the 

map panels. Included, and based upon the drainage calculations, the map panels and culvert 

tables reflect the pipe sizes, both roadway and private entrance culverts, proposed for future 

development along with ditch sizes and lining type. A detailed summary of the existing and 

proposed culverts and their sizes along with the ditch sizes and linings can be found in Appendix 

E. Note that it is recommended that at a minimum 18” pipes or their equivalency be constructed, 

where adequate cover and conditions allow, for easier cleaning. This information should be 

referenced when considering roadway and drainage improvements and by builders and lot 

owners when planning home construction to adequately size the culverts and ditches. The 

culverts and ditches are listed in order by road name and also in order by Map Panel number in 

two sets of tables one set for culverts and one set for ditches. The culvert tables reflect the 

culverts and ditches that are shown on the Map Panels.  

 

There are columns common to both sets of tables. The Road Location column is the mileage 

from the beginning of the road stationing to the culvert or downstream end of the ditch. The 

beginning of the road (0+00) was set arbitrarily but generally it was set at the intersection where 

the road can be accessed. Map Panel number is the Map Panel that shows the culvert or the ditch 

location.  

 

The column Hydrologic Soils Group displays the hydrologic soils group of the soils covering the 

drainage area of the culvert. Most of Shenandoah Farms Sanitary District is covered with B or D 

soils. B soils produce less runoff from a given rain than does C or D soils. For that reason a 

recommended culvert in an area having B soils is usually smaller than the culvert for same sized 

drainage area having C or D soils. Culverts in areas with C soils were sized as if the soils were D 

soils.  

 

The column Drainage Area To Culvert or Ditch in Acres is the total drainage area to that culvert 

or the downstream end of the ditch. The area includes all the drainage areas that flow to that 

culvert or ditch. Drainage areas shown on the Map Panels have been measured using 4 foot 

topography and are outlined with dashed lines.   

 

More than one drainage area shown on the Map Panel may flow to a culvert or ditch. The 

drainage areas that flow to Private culverts were estimated from the road culvert drainage area 

information. The total drainage area shown for the culverts and ditches depends on the existence 

of all mapped upstream culverts and ditches.  If the upstream culverts and ditches do not exist, 

the area to the culvert may be larger or smaller.  

 

A. Culvert Tables 

 

These tables reflect the culverts that are shown on the Map Panels. The culverts are listed in two 

tables, one in order by road name and another table in order by Map Panel number. The culvert 

name is the initials of the road and then the station number. The culvert name BD 1+25 

designates a culvert, 125 feet from the beginning of Barbara Drive. The Road Location column is 
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the mileage from the beginning of the road stationing to the culvert. The beginning of the road 

(0+00) was set arbitrarily but generally it was set at the intersection where the road can be 

accessed.  

 

Two pipe diameters are shown for each culvert location in the column Recommended 2 Year 

Culvert Size and Recommended 10 Year Culvert Size. The Recommended 2 Year Culvert Size is 

the diameter of a culvert that should not be over topped more than once every 2 years. The 

column Recommended 10 Year Culvert Size is the diameter of a culvert that should not be over 

topped more than once every 10 years. The culvert sizes in these columns are for either 

reinforced concrete pipe (RCP) or high density polyethylene (HDPE) installed at a slope of no 

less than 0.5%.  The sizes shown depend on the existence of upstream culverts and ditches.  If 

the upstream culverts and ditches are not in place to divert runoff, the culvert may not be 

adequate. RCP pipe should be used if the cover over the pipe will be less than 2 feet.  At the peak 

flow capacity of the culvert the water surface just upstream of the culvert will be 1.5 times the 

culvert diameter. 

 

The column R = Road  P = Private indicates if the culver is to be under the road (R) or is to be 

under a private driveway entrance to a Lot (P). 

 

The column E= Existing,  N= needed and P = possible determined from DA mapping indicates if 

the culvert exists (E), or if field inspections determined a culvert was needed (N), or, if through 

examination, of the road alignment and topography on the Map Panels , that a culvert should 

possibly be located at that point (P). Possible (P) locations were only proposed for road culverts.  

The column Length Feet is the length in feet of the existing culverts or an estimate of the length 

of a Needed or Possible culvert. A (?)  associated with a number indicates that the length of an 

existing culvert could not be determined or, for Needed or Possible culverts, an estimate based 

on the road width. 

 

The column Culvert Diameter Inches, is the Existing culvert diameter in inches or an 

uncalculated estimate of the diameter of a Needed or Possible culvert. A (?)  associated with a 

number indicates that the diameter of an existing culvert could not be determined.  The Existing 

culvert diameters can be compared to the Recommended sizes to estimate the adequacy of the 

Existing culverts. The diameter in this column for N or P culverts can be ignored. SP in the 

columns means the culvert requires a special design to accommodate a large discharge. 

 

The Column Number of culverts is the number of existing culverts of the same diameter at this 

location. In a few cases there are culverts of different diameters at the same location. When there 

are Existing culverts of different diameters they are listed on different lines and each assigned 

the total drainage area to that location. 

 

The column Culvert Material is the material of the Existing culvert made of or for Needed or 

Possible culverts HDPE is (high density poly ethylene) has been added to the table. If the cover 

for the Needed or Possible culvert is less than 2 feet the culvert should be reinforced concrete 

pipe (RCP) particularly for culverts in the road. 

 

The column Map Panel Number is the Map Panel that shows the location of the culvert. 
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The column Lot Number is the lot number where the Private culvert is located. A (?) indicates a 

Private culvert for which the lot number could not be determined. 

 

The column Hydrologic Soils Group displays the hydrologic soils group of the soils covering the 

drainage area of the culvert. Most of Shenandoah Farms Sanitary District is covered with B or D 

soils. B soils produce less runoff from a given rain than does C or D soils. For that reason a 

recommended culvert in an area having B soils is usually smaller than the culvert for same sized 

drainage area having C or D soils. Culverts in areas with C soils were sized as if the soils were D 

soils. 

 

The column Drainage Area To Culvert in Acres is the total drainage area to that culvert. The area 

includes all the drainage areas that flow to that culvert. Drainage areas shown on the Map Panels 

have been measured from 4 foot topography and are outlined with dashed lines.  More than one 

drainage area shown on the Map Panel may flow to a culvert. The drainage areas that flow to 

Private culverts were estimated from the road culvert drainage area information. The total 

drainage areas shown for the culverts depend on the existence of all mapped upstream culverts 

and ditches.  If the upstream culverts and ditches do not exist, the area to the culvert may be 

larger or smaller.  

 

The column E= Drainage Area Estimated indicates that the drainage area was estimated from a 

measured drainage area. The estimates are mostly very small areas of only an acre or two. 

 

B. Ditch Tables 

 

The ditch label is the initials of the road and then the station number where the ditch enters a 

culvert, leaves the road, or starts from a culvert.  The ditch label BD 1+25R for example 

designates a ditch that enters the culvert BD 1+25 from the right as you look in the direction of 

flow through the culvert that is 125 feet from the beginning of Barbara Drive. An L suffix 

designates ditch that enters the culvert from the left and a U designates a ditch that flows directly 

into the culvert from over land and not as a road side ditch. A D suffix designates a ditch that 

leaves the road at the road station or starts from a culvert discharge.  

 

Two ditch depths are shown for each culvert location in the column Recommended 2 Year Ditch 

Depth and Recommended 10 Year Ditch Depth. The Recommended 2 Year ditch depth is the 

depth of a ditch that should not be over topped more than once every 2 years and is the depth that 

should be lined with any recommended lining. The column Recommended 10 Year Ditch Depth 

is the depth of ditch that should not be over topped more than once every 10 years. The ditch 

depths are for the downstream end of the ditch. Long ditches that add drainage area along their 

length should be evaluated to determine if the end depth is necessary for the entire length. The 

sizes shown depend on the existence of upstream culverts and ditches.  If the upstream culverts 

and ditches are not in place to divert runoff, the ditch may not be adequate. SD in the columns 

means the ditch requires a special design to accommodate a large discharge or steep slope.  

 

The column Ditch Lining lists the type of lining that should be used for the ditch. The lining 

should cover the 2 year ditch depth plus 0.5 feet. The requirements for different types of lining 

use is described in the VDOT Drainage Manual Chapter 7.  
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See http://www.virginiadot.org/business/locdes/hydra-drainage-manual.asp. Lining installation 

instructions are in the VDOT Road and Bridge Standards Manual chapter 100. The VDOT lining 

and installation details follow the ditch tables. The material that can be used for EC3 lining may 

change in time. To find the VDOT approved A or B lining material go to the VDOT web site. 

http://www.extranet.vdot.state.va.us/LocDes/Electronic%20Pubs/2008Standards/TOC100.pdf 

  

The column 2-year flow velocity (FPS) lists the calculated water velocity for the peak of the 2 

year storm in feet per second. 

 

X. RECOMMENDATIONS 

 

1. For safety reasons, guardrail may be considered on several roadways. When improvements 

are constructed for any of the roadways a determination regarding the need for guardrail can 

be made by the County. Other safety concerns expressed by the residents in the Roadway 

Questionnaire should be reviewed and addressed if required. (See Section VIII). 

 

2. Due to the fact that the roadway surfaces are primarily 21A or 21B aggregate and the 

roadways are located primarily within wooded areas the drainage ditches and culvert pipes 

are more likely to become blocked as a result of loose gravel and vegetative debris. To 

prevent damage to the roadway surface and subgrade and reduce potential safety issues 

resulting from “wash out” gullies it is recommended that the culvert pipes and drainage 

ditches be reviewed and inspected frequently to make certain they are functioning properly. 

Inspection of the pipes and ditches should be performed after any significant rain event to 

make certain they are functioning properly and steps taken to remediate any problems. 

Properly maintaining the ditches and pipes should reduce roadway repairs and maintenance 

which can often be more costly to address. While the culvert tables reflect 15” roadway cross 

pipes, minimum 18” pipes or their equivalent are recommended for use where adequate cover 

can be provided and conditions allow. Since most roadways are stone aggregate and pipes fill 

with the aggregate following heavy rains or over time the 18” culvert will allow easier 

cleaning. 

 

3. Continue to maintain the roadway surfaces and roadside ditches to allow drainage to enter the 

ditches and not pool on or under the road surface.  In areas where roadside ditches appear to 

be failing, the ditch should be reworked to meet the typical ditch section provided with 2:1 

slopes if possible.  Regrade shoulders where the elevation of the soil, grasses, and other 

vegetation is higher than the road surface.  This tends to prevent water from draining from 

roadway surfaces and subgrade soils, which can cause subgrade deterioration. 

 

4. Prior to any surfacing activity, all culverts within the area to be improved should be inspected 

and replaced if necessary.  Periodic inspections should be conducted to determine if the 

culvert is functioning properly and cleaned of debris as necessary.  This inspection should 

occur at a minimum on an annual basis.  Private driveway culverts should also be kept clear 

of debris. 

 

 

http://virginiadot.org/business/locdes/hydra-drainage-manual.asp


Shenandoah Farms Sanitary District  Road and Drainage Study 

Warren County, VA  Revised May 2012 

 

 
20 

 

 

 

5. Herbicide Use.  Vegetation growing through the aggregate surface should be controlled using 

a systemic herbicide.  If allowed to grow, the roots of the vegetation will weaken the 

subgrade soils, ultimately causing subgrade deterioration.  This will allow water to further 

penetrate the subgrade soils causing further deterioration.  We recommend the use of Round-

up, Ground Clear, or other herbicides that are permitted for general use by homeowners for 

vegetation control.  Care must be taken when using herbicides and all directions followed as 

indicated by the manufacturer.  

 

6. It is recommended that, at minimum, an annual inspection of the roadway system be 

performed to determine maintenance needs.  Included, but not limited to, during this 

inspection are the following items: 

 

A. Inspect all roadway surfaces, paying particular attention to any areas of possible 

subgrade failure.  Areas that appear to have subgrade failure should be addressed and 

scheduled based upon severity.  This inspection should be conducted in the spring to 

observe any problems which may be the result of moisture, freezing and thawing 

experienced during the previous winter months.   

 

B. Inspect roadside ditches and culvert pipes paying particular attention to any siltation 

problems where silt and debris build up hinders the ditch or culvert from functioning 

properly.  In areas where ditches are totally silted and there is no defined ditch or 

where roadside shoulder elevations are above the road surface elevation, ditches 

should be “pulled” to remove the material and/or plant growth to allow drainage from 

the roadway surface to enter the ditch line.  

 

C. Inspect the roadway intersection sight distances to ensure that there are no 

obstructions from tree or shrubbery growth which could hinder visibility.  The speed 

limit in the Shenandoah Farms Sanitary District, as posted by the POSF Board, is 15 

mph and as a general rule, sight distance should be 5’ for each mile per hour speed 

limit so site distance should be at least 125’ both directions from the intersection.  

The timber and foliage within the road right of way which blocks sunlight should also 

be trimmed to allow the areas to dry following a rain or snowfall.  In addition, tree 

limbs that obscure roadway identification signage and traffic signage should also be 

trimmed or removed. Inspections for site distance issues should be conducted in late 

spring or early summer when foliage is in full growth. 

 

7. When planning roadway improvements reference the roadway inspection reports, roadway 

functional classification and culvert tables to be certain proposed improvements are in 

accordance with the Road and Drainage Study. In addition, survey should be provided to 

make certain the roadway improvements are within the existing right-of-way. 
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XI. CONCLUSION 

 

The proposed maintenance and improvement program included with this report is intended to 

provide a foundation for sound decision making relative to future improvements and 

maintenance for the Shenandoah Farms Sanitary District private roadway network.  A budget 

should be prepared which allows funds from which to be directed towards improving existing 

roadways while also accommodating routine maintenance and repairs of the road network, in its 

entirety.   

 

The proposed three tier hierarchy of road classifications ensures that the ultimate cross section 

for each roadway segment will accommodate the traffic volume for that particular segment.  We 

believe this three class system will help ensure that the ultimate roadways are adequate for years 

to come while making effective use of the available funds. Decisions regarding maintenance, 

operations and capital improvement projects will consider the needs of all users of the 

transportation system. 
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APPENDIX A 

 

Roadway Inspection Reports & Map Panels 

(Included in Separate Binder) 
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APPENDIX B 

 

Roadway Inventory & Functional Classifications 
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APPENDIX C 

 

Resident Roadway Survey and Evaluation Questionnaire 
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APPENDIX D 

 

Typical Culvert Installation and Private Entrance Details 
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APPENDIX E 

 

Storm Water Management Culvert Tables, Ditch Tables and 

Map Panels 



Shenandoah Farms Sanitary District  Road and Drainage Study 

Warren County, VA  Revised May 2012 

 

 
 

 

 

 

 

 

 

 

APPENDIX E-1 

 

Culvert Tables by Road Name 
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APPENDIX E-2 

 

Culvert Tables by Map Panels 
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APPENDIX E-3 

 

Ditch Tables by Road Name 
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APPENDIX E-4 

 

Ditch Tables by Map Panel 
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APPENDIX F 

 
Geotechnical Pavement Evaluations 

(Old Oak lane, Drummer Hill Road & High Top Road) 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 REPORT OF 
 

EXISTING PAVEMENT EVALUATION 
SHENANDOAH FARMS SANITARY DISTRICT 

WARREN COUNTY, VIRGINIA 
 

ECS PROJECT NO. 21:10137 
 

 FOR:  
 

MR. MICHAEL A. HAMMER 
CONSTRUCTION MANAGER 

PHR&A – A PENNONI COMPANY 
117 EAST PICCADILLY STREET 
WINCHESTER, VIRGINIA  22601 

 
AND 

 
MR. ROBERT CHILDRESS 

DEPUTY COUNTY ADMINISTRATOR 
WARREN COUNTY 

220 NORTH COMMERCE STREET, SUITE 100 
FRONT ROYAL, VIRGINIA  22630 

 
APRIL 16, 2012 

 



 

 
April 16, 2012 

 
Mr. Michael A. Hammer 
Construction Manager 
PHR&A – A Pennoni Company 
117 East Piccadilly Street 
Winchester, Virginia  22601 
 
AND 
 
Mr. Robert Childress 
Deputy County Administrator 
Warren County  
220 North Commerce Street, Suite 100 
Front Royal, Virginia  22630 

 ECS Project # 21:10137 
 

Reference: Existing Pavement Evaluation 
 Planned Shenandoah Farms Sanitary District Roadway Improvements 
 Warren County, Virginia 
 
Gentlemen: 
 
As authorized by acceptance of our proposal No. 18766, dated February 23, 2012 and 
authorized on March 1, 2012, ECS – Mid-Atlantic, LLC (ECS) has completed the Scope of 
Service in general accordance with the authorized proposal.  This summary letter describes 
our methodology and provides the results of this evaluation. 
 
Project Description 
 
As requested, portions of three roadways were evaluated due to existing pavement and 
subgrade failures.  Existing pavements and subgrades were evaluated by means of asphalt 
coring and Dynamic Cone Penetromter (DCP) testing of subgrade soils to document in-situ 
conditions.  Pavement coring locations were selected by PHR&A and Warren County staff.  
The sections evaluated included locations along Drummer Hill Road, Old Oak Lane and 
High Top Road, as follows: 
 

Old Oak Lane: 
1) Sta. 75+00  (intersection w/ Mosby Meadow Lane) 
2) Sta. 82+75  (intersection w/ Yarnell Court ) 
3) Sta. 86+00   
4) Sta. 91+30 
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Drummer Hill Road: 
1) Sta. 3+50    (intersection w/Fern Court) 
2) Sta. 9+50    (intersection w/Little Place) 
3) Sta. 17+50 
4) Sta.  22+00 

 
High Top Road: 

1) Sta.9+00 
2) Sta.14+00 

 
Results and Conclusions 
 
The tables below detail the results of the evaluation.  Pavement thicknesses ranged from 
approximately 1-inch to 5-inches.  It should be noted that the pavement core at Sta. 75+00 on 
Old Oak Lane encountered dual pavement layers separated by approximately 1-inch of gravel.  
In our engineering judgment, this appears to be an anomaly which may be the result a pothole 
repair or some residual gravel from the adjacent roadway.  The core at the station 75+00 is not 
indicative of standard construction practices for pavement construction and therefore is being 
treated as an anomaly.   DCP values at depths immediately below the base stone layer 
generally exceeded 15 blows per 1.75-inch increment, indicating a medium dense in-situ 
density.   
 
 

LOCATION ASPHALT 
THICKNESS 

BASE STONE 
THICKNESS 

SUBGRADE 
DESCRIPTION 

DCP BLOWS 
PER INCREMENT

OLD OAK LANE     

75+00 5” (2 layers) 3” Tan sandy gravel 20+ 

82+75 2.5” 6.5” Tan sandy gravel 25+ 

86+00 1” 5” Tan sandy gravel 25+ 

91+30 1.4” 1” Tan sandy gravel 15+ 

 
 

LOCATION ASPHALT 
THICKNESS 

BASE STONE 
THICKNESS 

SUBGRADE 
DESCRIPTION 

DCP BLOWS 
PER INCREMENT

DRUMMER HILL 
ROAD 

    

3+50 1.75” 1.75” 
Tan brown gravelly sand 

and clay 
12-15+ 

9+50 4” 3” 
Tan brown sandy clay with 

gravel 
25+ 

17+50 3.5” 4.5” Tan brown gravelly sand 25+ 

22+00 1” 7” Tan brown gravelly sand 25+ 
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LOCATION ASPHALT 
THICKNESS 

BASE STONE 
THICKNESS 

SUBGRADE 
DESCRIPTION 

DCP BLOWS 
PER INCREMENT

HIGH TOP ROAD     

9+00 1.5” 5.5” 
Tan brown sandy clay with 

gravel 
12-12-13 

14+00 1.75 4.75” Tan brown gravelly sand 15-20+ 

 
 
We appreciate the opportunity to be of service to you.  If you have any questions with regard to 
the information contained in this report, or if we can be of further assistance to you during this 
project, please do not hesitate to contact us.  
 
Respectfully, 
 
ECS MID-ATLANTIC, LLC 
 
 
 
 
 
 
                   03/28/2012        
                                              
M. Scott Stickley, P.E.     Timothy E. Price, VP 
Senior Project Engineer     Winchester Branch Manager 
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APPENDIX G 

 
Public Notices and News Releases 
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APPENDIX H 

 
Public Comments and Feedback 

 
















































